sackie or related virus infections other seasonal factors or combinations of factors must be responsible, and these may be viral, non-viral, or both. In this case the role of Coxsackie virus would appear to be that of an initiating factor, producing subclinical islet cell damage in patients in whom diabetes is subsequently precipitated by other seasonal factors. The results of our antibody studies throw little light on this problem as neither the present study nor our previous results indicate when Coxsackie virus infection occurred in relation to the onset of diabetes.
sackie or related virus infections other seasonal factors or combinations of factors must be responsible, and these may be viral, non-viral, or both. In this case the role of Coxsackie virus would appear to be that of an initiating factor, producing subclinical islet cell damage in patients in whom diabetes is subsequently precipitated by other seasonal factors. The results of our antibody studies throw little light on this problem as neither the present study nor our previous results indicate when Coxsackie virus infection occurred in relation to the onset of diabetes.
If viruses do induce diabetes in man, the question arises as to what proportion of the total incidence of diabetes is associated with Coxsackie virus infection. There are at present few indications that maturity-onset diabetes is associated with viral infection, but in our previous investigations (Gamble et al., 1969) we found higher Coxsackie B4 virus antibody titres in non-insulin-dependent diabetics of acute onset than in controls. The numbers were too small for a significant difference to be found but the difference was of the same order as that found in the insulin-dependent diabetics and this type of patient merits further study. Of insulin-dependent diabetes, our results suggest that a substantial proportion may be associated with Coxsackie B virus infection and, if this is so, a search for a viral aetiology in the remainder would clearly be indicated. The numbers studied to date have been too small to show whether other members of the Coxsackie B groups are implicated but it is unlikely that they could account for many cases without it being apparent from our results. Other picornaviruses are obvious candidates, particularly in cases occurring in autumn, in whom we found no excess of Coxsackie virus antibodies.
Mumps virus is not, however, a member of the picorna group and the possibility that other groups of virus may be involved should not be overlooked, particularly in younger children.
Summary
Feeding dietary fibre in the form of bran induced changes in bile salt metabolism in five people with intact gall bladders. There was evidence of reduced dehydroxylation of bile salts; the proportion of deoxycholate conjugates in bile was reduced and the transfer of radioactivity from labelled taurocholate to deoxycholate was decreased. These findings, which were independent of changes in intestinal transit rate, imply that bran reduced the degradation of bile salts by colonic bacteria. This property of bran accords with recent theories that fibre-depleted diets favour the degradation of bile salts in the colon. These findings may be relevant to the aetiology of large bowel cancer.
Introduction
There is increasing interest in the possibility that fibredepleted foods (especially white flour and sugar) are concerned in the causation of various diseases of modern civilization (Cleave et al., 1969; Burkitt, 1971 Burkitt, , 1973 (Burkitt, 1971; Hill et al., 1971; Heatcn, 1972) . Burkitt (1971) claimed thait degradation of bile salts is favoured by a low-residue, fibredepleted diet. Evidence is, however, lacking for this speculation.
Bran is the fibre-rich fraction of wheat which is discarded in the milling of white flour. It is known to influence the motility of the intestine (Cummings, 1973; Harvey et al., 1973) , while diets rich in mixed cereal and vegetable fibre cause increased faecal excretion of calories, fat, and nitrogen (Southgate and Durnin, 1970) . In vitro, fibre has bile salt binding properties (Eastwood and Hamilton, 1968) . Nevertheless, the effects of fibre on bile salt metabolism have not been reported except for conflicting statements that faecal bile acid excretion is or is not increased by a raised intake of cellulose (Shurpalekar et al., 1971; Stanley et al., 1972; Eastwood et al., 1973) , bran (Eastwood et al., 1973) , or mixed fiibre (Antonis and Bersohn, 1962) . We have studied the effect of bran on bile salt metabolism using radioactively labelled bile salts and analysing duodenal bile.
Subjects and Methods
The subjects studied were three healthy women with normal cholecystograms, two women with symptomless gall stones in functioning gall bladders, and six women who had undergone cholecystectomy but were otherwise in good health. AU were volunteers who had given informed consent. All 11 subjects were given a tracer dose of 3 to 5 ,Ci radioactive bile salt intravenously, and on each of the next four mornings bile was aspirated from the duodenumL Subjects with intact gall bladders were given cholecystokinin to stimulate bile flow. Five of the cholecystetomy subjects received deoxycholic acid-24-54C, while all the others were given sodium taurocholate-24-1 C, these materials being of at least 99% radiochemical purity. Bile samples were extracted with alcohol and subjected to thin layer chromatography to separate the main conjugated bile salt fractions. These were then eluted and the following measurements made Pomare and Heaton, 1973) : (1) the relative proportions of the three main bile salts, cholate, chenodeoxycholate, and deoxycholate; (2) in subjects given labelled taurocholate, the percentage of bile radioactivity in metabolites of taurocholate-namely, glycocholate, glycodeoxycholate and taurodeoxycholate; and (3) specific activity of the originally labelled bile salt fraction. In subjects given labelled deoxycholic acid, the half life, pool size, and daily production of deoxycholate were calculated from the specific activity decay curve and the administered dose of radioactivity. Unfortunately, these calculations could not be made from the radioactive taurocholate studies because during bran feeding taurocholate was deconjugated so rapidly that its specific activity decay curve was non-linear.
All subjects underwent a control study and then added unnrocessed bran to their normal diets (33 ± 10 g/day in divided doses with meals, except for one subject who took 100 g) for six to 10 weeks under close supervision. All the above measurements were then repeated while they continued to take bran.
Statistical significance of differences were tested by Student's paired t test and the Wilcoxon-White rank sum test.
Results
Subjects with and without gall bladders are considered separately because while this study was in progress a parallel investigation indicated that loss of the gall bladder results in increased bacterial degradation of bile salts .
SUBJECTS WITH GALL BLADDERS
The composition of the bile salt pool was markedly altered by bran ( fig. 1 ). The proportion of deoxycholate was halved, falling from 27-1 ± 8-9% (mean + 1 S.D.) to 13-8 -42 % (P < 0-025). This was matched by an increase in the proportion of chenodeoxycholate from 30-6 ± 3-6 % to 43-9 + 2-7 % (P < 0 005). The proportion of cholate remained unchanged at 42-2%.
263
The transfer of taurocholate radioactivity to its circulating metaibolites was altered by bran in two separate ways. Firstly, there was evidence of increased deconjugaition. In the bile sanple taken 24 hours after the administrationi of labelled taurocholate, the radioactivity present in reconjugated form (that is in glycocholate, glycodeoxycholate, and taurodeoxycholate) increased from 32-6 ± 18-1% in the control study to 547 + 17-2% with bran (P < 001). This difference was less apparent on the second day (P < 0 025) and disappeared by the third day. Secondly, the proportion of each day's bile radioactivity in the combined glycodeoxycholate and taurodeoxycholate fractions was consistently lower during bran feeding ( fig. 2) . On average, the proportion fell from 8-2 to 5-1% on day 1; from 19-5 to 8-2% on day 2; from 27-1 to 112% on day 3; and from 36-8 to 14-8% on day 4 (P 0-02 on days 1, 2, and 4, P 0 05 on day 3). These data suggest that the reduced proportion of deoxycholate in the bile during bran feeding was due to less deoxycholate being returned to the liver. 
CHOLECYSTECTOMY SUBJECTS
These subjects started with a high proportion of deoxycholate and a low proportion of chenodeoxycholate in their bile, as previously reported , and in them bran feeding made no significant difference to the composition of the bile salt pool (see table I ). In the one subject studied after administration of labelled taurocholate, bran failed to reduce the transfer of radioactivity to deoxycholate. 1..
Discussion
We have shown that adding fibre to the diet in the form of unprocessed bran alters the baciterial metabolism of bile salts. In particular, it reduces the amount of dehydroxylated bile salt-that is, deoxycholate-appearing in the bile (at least in subjects with a gall bladder). This implies either that less deoxycholate is formed or that less is absorbed. Reduced absorption is unlikely because the half life of radioactive deoxycholate was not shortened. Further, in Afro-Asian communities, where a high fibre diet is eaten, the faeces contain less, not more, deoxycholate than in Western society (Hill et al., 1971) . The data suggest, therefore, that dietary fibre reduces the formation of deoxycholate. Deoxycholate is formed in the colon when bacteria remove the 7a-hvdroxyl group of cholate. Cholate is one of the two major bile salts synthesized by the liver, the other being chenodeoxycholate. Chenodeoxvcholate is also 7a-dehydroxylated by colonic bacteria, with the formation of lithocholate (Midtvedt and Norman, 1968 (Badger et al., 1940; Cook et al., 1940) , while Hill et al. (1971) have drawn attention to the close correlation between the geographical incidence of large bowel cancer and the faecal concentration of deoxvcholate. Animal exterim-nts show that lithocholate can inhibit the svnthesis of cholate and also the secretion of bile (Heaton, 1972) and it has been proposed that the secretion of gall stone-forming bile mipht be favoured by excessive formation and absorption of lithocholate (Heaton, 1973 b) . Epidemiologically, both colonic cancer and gall stones are associated with the consumntion of low-residue, fibre-depleted diets (Burkitt, 1971; H-aton, 1973 a). The present findings sumport the concept that fibre-depleted diets may be pathogenic by allowing extensive bacterial degradation of the bile salt nucleus.
The "dose" of bran used in this study was physiological.
Thirty-three grammes of bran is equivalent to about 165 g of wholemeal flour. In 1970 the amount of flour available in this country was 181 g/person/day (C. T. Greenwood, personal communication, 1973 , 1973) . Alteration in the bacterial flora or in its enzvmic activity cannot be ruled out, but is rendered less likely bv the ineffectiveness of bran in cholecystectomy subjects. Bran may well prevent physical contact between bile salts and colonic bacteria, since dietary fibre increases both the solid matter and the water in the faeces (Cummings, 1973) . The failure of bran to reduce bile deoxycholate in cholecystectomy subjects is probably explained by the fact that removal of the gall bladder compels bile salts to circulate and meet colonic bacteria constantly, even during fasting, when there is no chance of contact between bile salts and bran. The lack of effect of bran on deoxycholate half life in cholecystectomy subjects may, however, be taken as evidence that bran does not sequester bile salts since, experimentally, a bile salt-sequestrating agent, cholestyramine, is just as effective in rats which lack a gall bladder as in hamsters which have one (Cook et al., 1971) .
While decreasing the proportion of deoxvcholate in bile, bran increased that of chenodeoxycholate. Tihis may be explained by the recent discovery that deoxycholate selectively inhibit;s the synthesis of chenodeoxvcholate (Low-Beer et al., 1972; Low-Beer and Pomare, 1973) . Bran also promoted the deconjugation of taurocholate. In the economy of bile salts, deconjugation probably has little imnortance (Fromm and Hofmann, 1971; Hepner et al., 1972) . Normally it occurs within both the ileum and colon (Heaton, 1972) . Increased deconjugation occurs in the stagnant loop syndrome (Tabaqchali and Booth, 1970) where, however, there is also increased dehydroxylation (Mallory et al., 1973) . Deconjugation with a tendency to reduced dehydroxylation has been noted after ileostomy (Morris et al., 1973) . The mechanism by which bran promotes deconjugation while inhibiting dehydroxylation remains to be worked out.
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